Materials and methods

Synthesis of FAG
FAG was prepared using FA and alkaline solution. The FA sample used in this study was from thermal coal plant of Jorf lasfar in Morocco. The alkaline activator was synthesized using sodium silicate powder (Honeywell Riedel-de Haën®, Germany; 18 wt.% Na 2 O, 63 wt.% SiO 2 , 18wt.% loss on ignition) and sodium hydroxide (ACS AR Analytical Reagent Grade Pellets). The alkali silicate activator was elaborated by mixing the NaOH and Na 2 SiO 3 solution at the mass ration 2.5 and the concentration of NaOH solution was 12 M. The FAG was formulated by mixing fly ash with an alkali silicate solution, with solid-to-liquid ratio of 2.5. The role of the sodium silicate is to support sufficient Si 4+ and improve the formation of geopolymer precursors [36] . The paste was then poured in a cylindrical container for curing at a temperature of 60°C for 24 h, the FAG was obtained treating in ambient temperature for 3 days. The sample was crushed, sieved through sieve to obtain lower fractions (<200μm). Before, the adsorption test. The composition and microstructure of samples were characterized by XRD, FTIR, FX, SEM and TEM microscopy.
Dye cationic
In the present work, the dye used in all the experiments was MB. The chemical formula and some other specific characteristics of cationic dye are presented in Table 1 . The stock solution of MB was prepared of 1000 mg/L in distilled water. The MB used in the work was the analytical grade on (Aldrich Chemistry, Germany). 
Characterization
The fly ach (FA) and fly ash based geopolymer (FAG) were characterized by many physico-chemical methods:
The chemical compositions were obtained by X-ray fluorescence using a spectrometer dispersion wavelengthType Axios. X-ray diffraction (XRD) patterns of the samples were obtained using a Xpert Pro model diffractometer equipped with a monochromatic with a source operating Cu-Kα (1.54060 Å). The Fourier transform infrared (FTIR) spectra of the samples were recorded by the KBr pellet technique on a VERTEX 70 FTIR spectrometer, in the spectral range of 4000-400 cm -1 with 4 cm -1 resolution. Image of FA was characterized by a detector type (SUTW-Sapphire, Resolution: 230.89, Lsec: 111).The morphology and structure of the FA and FAG were characterized by a scanning electron microscope (SEM) analysis and Transmission electron microscopy (TEM).
Batch adsorption tests
Adsorption experiments were performed using 250 mL Erlenmeyer flasks containing desired weight of adsorbent, 100 mL of MB solution and the mixture was stirred gently with speed of 250 rpm. The effects of pH medium, adsorbent mass, contact time, initial concentration of MB and temperature are presented in Table 2 . The pH of solution was adjusted using 0.1M NaOH and 0.1M HCl solutions and measured using a Meter Lab, pH M 210 meter. Batch adsorption tests were used to determine the % Removal and the quantity of dye adsorbed of MB onto FAG. After each completed adsorption test, the sample was separated by centrifuge at 2500 rpm for 10 min to separate the solid phase from the liquid phase and the concentration of dye was determined from its UV-Vis absorbance characteristic with the calibration method. The concentration of the solution before and after adsorption was measured using A JASCO V-630 UV/VIS spectrophotometer. The efficiency of Methylene blue (MB), % Removal, was calculated using:
Where C i is the initial concentration (mg.L -1 ), and C t is the concentration (mg.L -1
) at any time t.
Adsorption capacity at time t, q t (mg.g -1 ), was obtained as follows: [37] . After modification by activator solution (geopolymerization), it was found for FAG with a Si/Al ratio lower than 2.4 that the geopolymer had a poly- [38, 39] . The XRD patterns of FA and FAG are given in Fig.1 . The results of XRD analysis of the FA and FAG indicated that quartz (SiO 2 ) and mullite (3Al 2 O 3 .2SiO 2 ) were the chief crystalline phase. After geopolymerization process, the shift of peak towards lower frequencies is due to the formation of new product and the peak between 22° and 28° (2 Theta) indicates the presence of amorphous aluminosilicate gel [40] . The result indicates that the presence the alkali activator leads to the formation of amorphous phases. Fig.2 and all the band assignments are listed in Table 4 . IR spectrum showed signification change in position of peaks. The bands appeared in the regions of 1622 cm -1 and 3441cm -1 that were attributed to bending vibrations (H-O-H) and stretching vibrations O-H. The bands appeared in the regions of 457 and 734 cm -1 are due to the vibration mode Si-O-Al and Si-OSi, respectively. Which confirm the presence of mullite and quartz [41] . After geopolymerization process, the band existing at 1458 cm -1 assigned to the stretching vibrations of O-C-O bond occurred in all alkali activated FA samples implying to the presence of the sodium bicarbonate. The shift recorded, to 1075 cm -1 ( Fig.2 .a) and 1005 cm -1 ( Fig.2 .b), is indicative of formation of network in a geopolymer structure [40] . This observation is also supported by the XRD results showing the presence of amorphous phase and the formation of new reaction product. 3.1.3. Scanning electron microscope (SEM/EDX) analysis Scanning electron microscopy (SEM) was used to observe the surface texture of FA and FAG. Fig.3 described a change in the structure of the FA after the polymerization by activating the FA with an alkaline solution. The absence of the spherical particles in geopolymer material synthesized from FA and alkali solution indicates high conversion on FA to crystalline geopolymer. It is clear that the new microstructure of geopolymer played an important role on its adsorption capacity. The FA was analyzed via EDX to quantify the surface chemical elements, as shown in Fig.4 .a.b, the major portion of the FA is composed of Si and Al compounds. In addition to TEB analysis, image of FA is shown in Fig.4 .c, as can be seen, the particle shapes of the FA were generally spherical and smooth surfaces. The pH is one of the most important factors controlling the adsorption of dyes onto suspended particles [53] . The effect of pH on the adsorption of MB using FAG was studied by changing initial solution pH values in the range from 2 to 12. The results are presented in Fig.6 .a. It was observed after analyzing Fig.6 .a that the adsorption efficiency increases from 50.45% to 98.25% as pH increases from 2.5 to 11.2. This result suggested that the activated material carried the surface net positive charge below this pH value and it possessed a net negative charge beyond this pH value [54] . For a better illustration of these results, it is required to determine experimentally the point of zero charge (pH PZC ). The point of zero charge of FAG was determined as described by the solid addition method using KNO 3 (0.01 M) solution [55, 56] . Initial pH of (0.01M) KNO 3 solutions (pH i ) was adjusted from pH 2 to 12 by adding either (0.01 M) HCl or 0.01 M (NaOH). Adsorbent dose 0.1g was added to 100 mL of 0.01 M KNO 3 solution in 100 mL conical flasks and stirred for 24 h of contact time and final pH (pH f ) of solution was measured. The difference between the initial and final pH (pH i -pH f ) was plotted against the initial pH (pH i ) and the point where pH i -pH f = 0 was taken as the pH pzc . The results obtained are shown in Fig.6 .b. The pH pzc of FAG determined to be 9.4. At a solution of pH<9.4 the surface becomes positively charged and pH>9.4 the FAG surface is negatively charged. The pH of the system increases and H + ion concentration decreases, the number of the negatively charged sites increase and the number of the positively charged sites decrease.
El
Effect of contact time
The impact of contact time on the adsorption of MB from an aqueous phase onto FAG was investigated at different time intervals in the range of 0 to 220 min. The result is shown in Fig.7 . It can be seen the removal of adsorption the MB by FAG increases with the increase in time and reaches a maximum value at about 60 min for 20 and 30 mg/L, and the maximum value is observed after 120 min for 40 mg/L, after it remains constant (plateau). The amounts of dye adsorbed at equilibrium are found to be 19. The effect of varying concentration of MB on the adsorption capacity of the MB is shown in Fig.8 . As it was already expected, results obtained for the adsorption capacity at equilibrium increases from 4.89 to 36.44 mg/g, with an increase in the initial dye concentration from 5 to 60 mg/L. Following maximum adsorption, the sites of the adsorbent were filled totally with dye molecules (MB) and there are no sites available for binding [57] . Similar trend was obtained in the adsorption of MB on fly ash [58] and sulfonic acid group modified MIL-101 [59] .
Figure 8:
Effect of initial concentration on the adsorption capacity 3.2.5. Kinetics of adsorption Several models have been established to describe the adsorption kinetics and the rate-limiting step of the process. They include models of pseudo-first, second-order kinetic model, model intra-particle diffusion and sorption model Weber and Morris, the relationship of Adam-Bohart Thomas, etc [60] . The adsorption kinetics data of MB using the adsorbent were analyzed with pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetic models.
Pseudo-first-order kinetic model
Pseudo-first order was reported by Lagergren [61] , the model is express by (4) 
  
Where q e and q t are the adsorption capacity at equilibrium and at time t, respectively (mg/g), k 1 is the rate constant of pseudo-first-order adsorption (1/min)
Pseudo-second-order kinetic model
The pseudo-second order model [62] is given by the equation (5): Where: k 2 (g·mg −1· min −1 ) is the pseudo-second order rate constant, and q t is the amount of MB adsorbed at time t (min), which was calculated from the slope and intercept of the plot t/q t versus t.
Intraparticle diffusion process
The intraparticle diffusion equation (6) 
 
Where q t is the adsorption capacity (mg/g) at time t, t is the contact time (min),k I (mg/(g min 0.5 )) and I (mg/g) are the intraparticle diffusion constants. The experimental data of MB adsorption on FAG were simulated with three models and the results were depicted in Table 5 . The correlation coefficients (R 1 2 ) for pseudo-first-order kinetic model are between 0.718 and 0.926, the correlation coefficients (R 2 2 ), for the pseudo -second-order kinetic model are between 0.99 and 1 and the correlation coefficients (R 3 2 ) for intraparticle diffusion model are between 0.513 and 0.993. On the basis of value R 2 , the pseudo second order rate model fit best with experimental data. Also, the experimental q e is close the calculated q e , illustrating a strong pseudo-second-model fit the MB adsorption using the FAG, which suggested that the adsorption process is controlled by the chemisorption process. Similar kinetic results were reported for the adsorption of MB onto Spent tea leaves [64] and oil palm (Elaeis guineesis) [65] . 
Langmuir isotherm
The assumptions of Langmuir model include: the adsorption comprises the attachment of only one molecular monolayer on adsorbate surface and the ions are adsorbed on a fixed number of well-defined sites, each site can hold one ion, all sites are energetically equivalent and there is no interaction between the ions [66, 67] . The analysis of the isotherm data is important to determine the adsorption capacity of the adsorbent [68] . The form of Langmuir isotherm [69] can be given by the following equation (7):
Where q e is the amount of dye adsorbed on the adsorbents at equilibrium (mg/g); C e is the concentration of dye at equilibrium (mg/L); q m is the maximal amount of dye ion adsorption onto the adsorbents (mg/g); and K L is the Langmuir constant of adsorption (L/mg). The essential characteristic of the Langmuir isotherm can be evidenced by the dimensionless constant called equilibrium parameter, R L .
Where b is the Langmuir constant and C 0 is the initial MB concentration, R L values indicate the type of isotherm to be irreversible (R L = 0), favorable (0 < R L < 1), linear (R L = 1) or unfavorable (R L > 1) [70] .
Freundlich isotherm
The Freundlich model is applicable to multilayer adsorption on heterogeneous surface [71] . The equation is conveniently used in the linear form as:
A linear form of this expression is:
is the Freundlich constant and n (g/L) is the heterogeneity factor. The K F value is related to the adsorption capacity; while 1/n value is related to the adsorption intensity.
The Dubinin-Radushkevich (D-R) isotherm
The D-R isotherm model is valid at low concentration ranges and can be used to describe adsorption on both homogeneous and heterogeneous surfaces [72] . The linear form of the isotherm can be expressed as follows [73] . , and ε is the Polanyi potential that can be calculated from the equation:
Where R is the Universal gas constant (8.314 J.mol -1 K -1 ), T (K) is the temperature and C e (mg/L) is the equilibrium concentration of MB left in solution. q m is the theoretical saturation capacity. The mean energy of sorption, E (kJ/mol), is calculated by the following equation:
The magnitude of E is useful for estimating the mechanism of the adsorption reaction. It the case of E˂8 kJ/mol, physical forces may affect the adsorption. If E is in the range of 8-16 kJ /mol, adsorption is governed by ion exchange mechanism white for the value of E˃16 kJ/mol, adsorption may be dominated by particle diffusion [74, 75] . et al., JMES, 2018, 9 (1), pp. 32-46 
Temkin model El Alaouani
42
The Temkin isotherm has been used in the following form [76] . For isotherm models: Langmuir, Freundlich, D-R isotherm and Temkin models were applied to fit the experimental data. The isotherm parameters and the values of the correlation coefficients (R 2 ) are summarized in Table 6 . The results show that the value of R 2 obtained from Langmuir isotherm equation (0.999) was higher that from Freundlich (0.694), the D-R isotherm (0.555) and Temkin (0.866). According to the results, the correlation value R 2 for Langmuir model indicates that the adsorption MB using FAG data can be adequately modeled by the Langmuir and which indicate that adsorption of MB was made up homogenous surface and monolayer adsorption. This result is similar to other works on MB dye adsorption onto Platanus orientalis [77] and CTN/AC [78] . The maximum uptake capacity for MB removal by FAG was higher with 37.04 mg/g. The separation factor R L is in the range of 0.05 and 0.56, showing that the adsorption of MB on FAG is favorable. (20, 50, and 70°C) . Dye reduction efficiency with temperature is shown in Fig.9 . The adsorption capacity is increased slightly from 37.58 to 39.84 mg/g as the temperature increased from 20 to 70
• C. Hence, the solution temperature increase leads to increase the number of active sites available to be adsorbed on the surface [79] . Thermodynamic parameters are important in the design of adsorption process. It is necessary to define the change of thermodynamic parameters to predict the feasibility and mechanism of adsorption [80] . The thermodynamic parameters were determined by using following equations:
Where K d is the distribution constant, C a is the amount of dye adsorbed on the adsorbent of the solution at equilibrium (mol/L), C e is the equilibrium concentration, R is the gas constant (J.mol -1 .K -1 ), T is absolute temperature (K), ΔH° is the standard enthalpy, ΔS° is the standard entropy and ΔG° is the free energy. The experimental data obtained at different temperatures are used to calculate the thermodynamic parameters. The values of ∆H°, ∆S°, and ∆G° for MB adsorption onto FAG are listed in Table 7 . The positive values of ∆H
• are indicate that the adsorption reaction is endothermic, the adsorption processes with ∆G° values in the −20 to 0 kJ mol −1 range correspond to spontaneous processes [81] . The ∆S • has a positive value which means increasing randomness at the solid/liquid interface, through the adsorption process of MB onto FAG reflects randomness nature of process at the solid/solution interface and the affinity of FA based geopolymer for MB adsorption [82, 83] . Comparison of maximum monolayer adsorption capacities (based on the Langmuir adsorption isotherm) of MB using various adsorbents were reported in Table 8 . The results obtained experimentally in this study are higher than the results obtained by other investigations. This clearly indicates that the FA based geopolymer can be fruitfully used as an adsorbent for cationic dye removal. 
Conclusion
In the present study, new adsorbent has been synthesized and characterized with several techniques such as XRD, XRF, FTIR and SEM. The adsorbent was used for removal of MB from aqueous solution and the influence of several parameters, such as adsorbent ratio, solution pH, concentration of adsorbate, contact time and temperature was investigated. The experimental result indicated that the maximum adsorption of MB dye by FAG occurred at a basic environment. Kinetic studies reveal that FAG can remove MB quickly, within 120 min and the adsorption results indicated that the adsorption kinetics followed a pseudo-second-order kinetics model. The adsorption Langmuir model producing the best results, which indicated that it is monolayer adsorption of MB. The maximum adsorption capacity for MB by the used FAG is 37.04 mg/g. Temperature shows a small influence on the adsorption of MB onto FAG. Thermodynamic parameters calculations confirm that the adsorption of MB onto FAG is a spontaneous, favorable and endothermic process. In the view of these results, it can be concluded that the new adsorbent synthesized by FA and alkaline solution was the preferable choice as excellent adsorbent for the reduction of MB from aqueous solution.
